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Ø Heavy,	multivalence	elements	are	good	testbeds	for	testing	
fundamental	particle	physics	interactions	à	effects	scale	as	
~Z3.		à	Atomic	theory	is	challenging!

Ø Previous	work	with	Group	IIIA	In	and	Tl	tested	ab	initio	multi-
valence	wavefunction	models	(Majumder	+	Safronova	group	
collaborations).

Ø New	focus	is	on	Group	IV	Pb	(two	existing	precise	PNC	
experimental	results).	Improved	atomic	theory,	but	requires	
new,	accurate	experimental	benchmarks…
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v  M1 amplitude precisely calculable : 1.293(1) a.u.

v E2/M1 measured by us using Faraday Rotation in 2019
• <E2>exp = 8.91(9) a.u.
• <E2>th = 8.88(5) a.u. (Safronova group)

v Note: E1 transition amplitude measurements require 
accurate determination of thermal population

E1	transition	amplitudes	of	(thermally)	excited	states	using	
Faraday	rotation	spectroscopy
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Quart vapor cell

**Temp. (and Boltzmann factor) well controlled
Ø 3-zone heating elements for ‘uniformity’
Ø à overall Temp variance/accuracy: ~  ±1 oK
Ø à ~ 0.5% contribution to <E1> uncertainty
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Experimental setup

Extracting the matrix element

Results
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Isotope	shift	measurements	in	heated	Pb	vapor	cells	using	Doppler-free,	two-step	spectroscopy

• Thermal population for 3P2 state is ~ 10-6.
• Pumping E2 transition with 939 diode laser 

increases this to ~10-4.

• ‘Chop’ 939 (locked) laser à lock-in detection of 
406 transmission signal

• Pb-Pb mean collision time ~ 5 µsec for vapor 
cell @ 850 oC
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15 mins of preliminary data:  TIS406 = 4589(2) MHz;  
 

 TIS939 = 379.5(5) MHz – first ever direct measurement

(sum of red and blue shifts of isotopes must equal 
total 939 TIS --- independent of lock point)
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Ongoing	atomic	beam	work	in	Pb

Ø Quadratic	Stark	shift	
measurements:		Δ𝐸 =
− !

"
𝛼0𝓔"	 -	excellent	

benchmark	test	of	theory.

Ø Expected	shift	of	~	50	MHz	
for	3P1 →	(6p7s)	3P0	E1	
transition	with	 𝓔	≈	20	
kV/cm	-	easily	resolvable

Ø Enhance	UV	signal	by	
pumping		the	 6𝑝" 3𝑃0 →
3𝑃1	transition	

Quantity (rel. to vapor cell @ 
800 °C)

Vapor cell 
in furnace

Atomic beam (@ 1050°C)

Peak absorption
cross section

s0 s0 ×10	(Doppler	narrowing)

3P1 
number density

n0 n0 ×	50	(M1	pre − pumping)
	 ×	10	(thermal/Boltzmann)
×	10%&	(Geometrical	loss)

Interaction length ! !"" ×	0.2	(atomic	beam	width)

Optical depth 1 0.01 - 𝟎. 𝟏

Polarizability measurements in atomic beam unit
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Future	work	in	Tl

• E1/M1 transition amplitude ratios
• 205/203 transition isotope shifts using Doppler free 

two-step spectroscopy (as above)

Vapor cell 
demonstration

Increasing IR power

Indium ABU / 
polarizability results:
2013,  2016,  2018


